Abstract
Introduction
Reducing the maternal mortality rate (MMR) by three quarters is one of the Millennium Development Goals (MDGs). Since 1990, significant successes have been made [1] : the average global MMR reduced from 400 per 100.000 live births in 1990 to 210 per 100.000 live births in 2013 [2] . However, progress is insufficient and more needs to be done to reach this MDG, warranting further efforts and continued focus on maternal health post 2015 [3] . In low-and middleincome countries (LMICs) the main causes of maternal mortality are hemorrhage, sepsis, unsafe abortion and hypertensive disorders in pregnancy [4, 5] . The most life-threatening complications of hypertensive disorders, pre-eclampsia, eclampsia and HELLP syndrome (hemolysis, elevated liver enzymes, and low platelets), account globally for 10-15% of maternal mortality, with over 50.000 annual maternal deaths. Almost all occur in LMICs, with concurrent high perinatal mortality and morbidity [5, 6] . Therefore, optimization of the management of preeclampsia and eclampsia will protect women and newborns from complications and death.
A criteria-based audit (CBA) is, in both high-income countries and LMICs, a useful method to define and improve quality of care regarding management of severe pre-eclampsia and eclampsia [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . An audit is a cyclical process of defining standards of care, collecting data of adherence to standards, identifying areas for improvement, implementing necessary changes and back to defining new standards as indicated in Fig 1 [21] . In a CBA, health staff agrees on a set of appropriate and locally adapted management criteria, and subsequently an independent reviewer screens the records of patients to determine whether care provided meets the agreed criteria [22] . Finally, results are discussed and changes implemented in the system of current practice [22] .
A CBA of severe maternal complications and near-miss cases allows a complete assessment of quality of care (QoC) in life-threatening conditions and explores the similarities, differences and the relationship between women who died and those who survived [11, 23, 24] . As the survival group experienced a significant and similar scale of complications as those who die, survival could be related to the QoC received and optimal care components identified [23, 25] .
Maternal mortality rate in Ghana in 2010 was 350 per 100.000 live births; this is 100-200 times higher than the MMR in Europe and North America [4, 5] . Since 2007 the Ridge Regional Hospital in the Accra Metropolis in Ghana, has been one of the expertise centres in the cooperation between the Ghana Health Service (GHS) and Kybele, a non-governmental organization based in the United States [26] . The collaboration involves joint efforts to identify and address bottlenecks within the system to improve maternal and neonatal outcomes. One of the outputs of this collaboration is the development of clinical guidelines, protocols and standard operating procedures for the management of major obstetric complications.
The aim of this study was twofold, first to determine applicability of a CBA to assess QoC delivered to women with severe hypertensive disorders in pregnancy, and secondly to assess adherence to protocols and QoC provided at a regional hospital in Accra, Ghana.
Subjects and Methods

Study design
A mixed-methods approach was applied to accomplish the audit cycle (Fig 1) . This included observation of current practice by group interviews and shadowing sessions, creation of a set of criteria based on the existing hospital guidelines from 2007, and a cross-sectional study on adherence to the guidelines by auditing cases with severe hypertensive disorders in pregnancy.
Development of CBA
To observe current practice a house officer was shadowed during a shift on the obstetric emergency room and four midwives of the obstetric ward participated in a semi-structured group interview. In this focus group the management of severe pre-eclampsia, hypertensive emergency, and eclampsia; the current clinical situation, usefulness of protocols, opinions about protocols and suggestions for changes in current practice on the ward were discussed. Observations of the shadowing session and focus group were discussed within the study group, which included the Head of the Obstetrics & Gynaecology Department.
The local guideline of Ridge Regional Hospital was compared to two international guidelines of the World Health Organization (WHO) [27] and the International Society of the Study of Hypertension in Pregnancy (ISSHP) [28] , and two national guidelines of Safe Motherhood [29] and the Ghana Ministry of Health [30] . Differences were discussed with the research group and clinical staff, and thereafter consensus criteria for standards of care were developed. The guideline was divided in nine key protocols with sub-protocols, each transformed in a checklist of criteria ( Table 1 ). The checklists are available as a supplement to this article (S1 Fig) .
Application of CBA
Audits took place in May and June 2013 on week days. Cases recruited for the CBA were women diagnosed with severe pre-eclampsia, hypertensive emergency or eclampsia during pregnancy, as they represent severe hypertensive disorders in pregnancy [27, 28] . Inclusion criteria were presence of at least one of the following: proteinuria of 2+ on an urine dipstick, systolic blood pressure of 160 mmHg, diastolic blood pressure of 110 mmHg, or eclamptic seizures. Participants were classified as "complicated" or "uncomplicated pre-eclampsia". Complicated cases of pre-eclampsia were defined as those with imminence or presence of eclampsia, perinatal mortality and/or one or more WHO criteria of a life-threatening condition during pregnancy, delivery or 48 hours after delivery, based on the WHO criteria to define near-miss cases and locally adapted by adding imminent eclampsia as a major cause of maternal mortality and near misses [12, 25] . All cases of severe hypertensive disorders in pregnancy presenting in this period were included, as the severe morbidity of the patients required admission for more than two days at the ward, ensuring data collection before patients were discharged.
CBA data collection comprised of two parts: first, an interview to collect maternal socio-demographic, socio-economic and clinical information with a standardized questionnaire and second by screening patient records for evidence of management activities per relevant checklists. Analysis was performed for adherence of health care professionals to the nine protocols, defined as both conducted and reported in a patient record, for the total population and by complication group.
Outcomes
Applicability was defined as the degree to which the CBA could be used in this setting. Specifically, we assessed whether the audit cycle could be performed. According to the criteria set by the International Federation of Gynaecology and Obstetrics (FIGO) and the WHO an audit cycle can be performed when (1) a standard of good practice is available, (2) health care personnel feels able to openly discuss case management without feeling threatened and is willing to envisage the application of revised protocols for care and (3) facility registers are available to identify relevant cases [31, 32] . We also assessed whether the routine data recorded in the care of patients could be used, and whether the underlying assumption that "if it is not recorded to be performed, it did not happen" was appropriate. For four specific criteria (blood pressure monitoring and registration, cardiotocography at admission, ultrasound at admission and input/output monitoring and charting) the more subtle dimensions of adherence was assessed and the difference between "was there a plan [an order] made?" and "was this plan [the order] executed?" observed based on absence or presence of documentation in the patient folder by physicians and nurses. These four criteria were selected based on the available trace in the records when they would have been completed. Four points were assigned to cases in which it was both planned and the execution registered, fewer if one of the two or both were missing.
Statistical methods
Data was entered into a database using EpiDataEntry version 3.1 [33] , cleaned and checked for missing and not applicable data. "Not applicable" data was defined as criteria that were not relevant or applicable in the management of the participant. Demographic, economic and maternal characteristics stratified by complication group were analyzed using Student's t-test for continuous normal distributed variables, Mann-Whitney U test for continuous abnormal distributed variables and Pearson's Chi-square test for categorical variables. Descriptive analysis in percentages was performed for adherence to particular items of the protocols, of which mean adherence to the full protocols were extracted. Differences in percentage of adherence to particular items of protocols by complication group and by socio-demographic status (parity, employment, maternal education, marital status) were analyzed using Pearson's Chi-square test. Level of statistical significance was set at p<0.05. Analysis was performed using SPSS version 20 [34] .
Ethical clearance
Ethical approval for this study was obtained from the Ghana Health Services Ethical Review Committee [GHS-ERC 07/9/11]. Written informed consent was obtained from participants prior to inclusion.
Results
Study population
The management of 50 patients with severe pre-eclampsia, hypertensive emergency or eclampsia was audited. Of the 50 women, 13 out of 50 (26%) had a hypertensive emergency, and 11 out of 50 (22%) eclampsia. After admission 24 of 50 (48%) women delivered at the same day and 26 (52%) were admitted for one or more days until delivery. Table 2 illustrates the baseline characteristics. Participants were on average 29.9 years (standard deviation (SD) 6.2) with a mean gestational age at day of admission of 35.6 weeks (SD 4.09); 56% were multiparous, on the average with their second pregnancy (mean 2.14, SD 1.15).
Applicability
We were able to apply the audit cycle in this study as all factors were fulfilled. Fig 2 illustrates the level of adherence to four specific criteria. In these four criteria, in less than 40% the plan and execution were recorded. In a number of cases a plan was made, but execution was not recorded (8-42%), and rarely did execution take place without a plan (4%). General adherence to protocols Fig 3 shows mean accumulative adherence to the nine protocols for the total study population. Mean adherence to the protocols for severe pre-eclampsia at admission and at follow-up was 60% (range 0-98% and 35-96%, respectively). Protocol for plan of delivery (differentiated by gestational age at admission of 26-31 weeks, 32-34 weeks and >34 weeks) had a mean adherence of 84%, 85% and 94%, respectively. The eclampsia protocol showed a mean adherence of 64% (range 0-100%), with four women eventually experiencing one or more eclamptic convulsion on the ward. For none of these eclamptic convulsions management during the fit(s) was fully described in the patient folders. As a result, a mean adherence to protocol of non-pharmacological treatment during a fit of 26% was seen. For the protocols of non-pharmacological and pharmacological treatment after a fit a mean adherence of 68% and 74% was observed.
In the protocol for magnesium sulphate (MgSO 4 ) the item 'continue maintenance dose till 24 hours postpartum' had the lowest adherence to with 45%. The other five items of the MgSO 4 protocol scored between 86% and 98% adherence. Of the hydralazine protocol, drug management steps were closely adhered to (92% adherence in the first step to administer 10mg IV; 83% adherence in step 14 of a total maximum doses of 40mg) as well as requesting for supervision: house officer and consultant were requested in 67% of cases. However, all other items in MgSO 4 protocol had an adherence of 50 percent or lower. All monitoring protocols had low adherence scores. Analyses between socio-demographic characteristics of patients and adherence to protocols showed higher adherence for the protocols magnesium sulphate and severe pre-eclampsia at admission in multipara patients, however no relation of socio-demographic factors with any of the other protocols was observed (data not shown).
Adherence to protocols in complicated vs. uncomplicated group Table 2 presents incidence of each complication included in our definition of 'complicated severe pre-eclampsia'. Among the 54% of participants who developed one or more complications, imminent eclampsia occurred most, followed by presence of at least one WHO lifethreatening criteria, and eclampsia. Two cases of perinatal mortality occurred. Of all maternal characteristics it is only in the mode of delivery that a trend towards significant difference between women without and women with complications could be observed. Emergency caesarean section was conducted in 78.3% of participants in the uncomplicated group versus 96.3% of participants in the complicated group (p = 0.075). All four spontaneous vaginal deliveries occurred in women without any complications and 61% of the caesarean sections occurred in women with complications. Fig 3 illustrates the comparison of mean adherence to eight protocols between the group of women with uncomplicated severe pre-eclampsia and the group with complicated severe preeclampsia. The protocol of "eclampsia" only applied to the complications strata. No significant difference was found between the uncomplicated and complicated group in adherence to the protocols of severe pre-eclampsia at admission (59% vs. 60%, p = 0.922), plan for delivery (81% vs. 87%, p = 0.904), hypertensive emergency (50% vs 55%, p = 0.620), magnesium sulphate (83% vs. 86%, p = 0.922), hydralazine (29% vs. 29%, p = 0.561), emergency monitoring (0% vs. 22%, p = 0.132) and stable monitoring (19% vs. 14%, p = 0.925). A trend towards significant difference was observed in adherence to the protocol of severe pre-eclampsia at follow-up (48% vs. 70%, p = 0.057). No significant difference was observed between both groups in adherence in sub-protocols, with the exception for history taking of women with severe pre-eclampsia at admission (80% vs. 64% adherence, p = 0.035).
Discussion
As pre-eclampsia and related complications are the second major cause of the MMR in Ghana and many other LMICs, the government and many hospitals created protocols to optimize quality of care to women presenting with hypertensive disorders. In Ridge Regional Hospital, the CBA could be applied and 50 cases were audited. These showed a remarkably good adherence to some protocols (e.g. magnesium sulphate and plan for delivery) yet several gaps in adherence to others, suggesting sub-standard care. The congruence between planning, execution and recording of the execution of orders suggest that the "if it is not recorded, it did not happen" approach in these settings is appropriate and can be used in subsequent CBAs.
Despite the existence of guidelines and protocols, a gap between recommended care and clinical practice often exist [33, 34] . A systematic review of the quality of health delivered to adults in the United States showed that patients received about 54.9% of recommended care [35] . Factors that influence adherence to clinical guidelines and protocols include the implementation strategies, characteristics of guidelines, professionals involved, characteristics of the patients and the environment [36] . In this study, the group interviews with staff of the obstetrics ward suggested possible explanations for difference in adherence. Protocols that received more attention in the hospital (e.g. visible reminders on the wall, recent training of nurses and midwives) were adhered to more closely. A precise and clear allocation of tasks was found to be a factor promoting adherence: the magnesium sulphate treatment protocol assigns responsibility to two staff members at a given time, whereas other protocols generally included more staff members. Other factors present at Ridge Regional Hospital were occasional unavailability of emergency medication such as hydralazine, the frequent breakdown of monitoring equipment and staff shortages. Further, a strong sense of ownership can be achieved by including opinions of local staff in the agreed criteria [21] , which was part of the quality improvement program at Ridge Regional Hospital with Kybele [26] . This initiative was followed by a 35% reduction of maternal mortality and 40% reduction in institutional stillbirths since the start of the program in 2007 [35] .
For inclusion eligibility of this study, we applied a modified version of WHO's severe pregnancy complication and near-miss definitions developed by Nelissen et al., [12] for low-resources settings. This near miss-definition includes (imminent) eclampsia as a criteria. To assess the impact of this classification choice, we evaluated the impact of applying the WHO 'C-criteria' linked to organ system dysfunction [25] . This resulted in 24% of our study population classified as near-miss, compared to the 54% observed with Nelissen's classification, hinting towards a possible underestimation of near-miss cases with the WHO definition. This is in agreement with the CBA applied by Van den Akker et al. [36] in Malawi that showed an overall near-miss prevalence of 22% when WHOs 'C-criteria' were used for definition of cases, compared to 88% percent of the study population which could be classified as near-miss based on disease-specific criteria ('A-Criteria'), which includes eclampsia. However, the percentage of 'A-criteria' classified (pre-) eclampsia patients (23% of their study population), that met the 'C-criteria' near-miss classification, could not be disaggregated in this study. Likewise, a systematic review of 82 studies by Tunçalp et al., [37] suggest a lower reporting of near-miss using organ dysfunction criteria, compared to disease-specific criteria.
A CBA is considered not only a valuable tool to determine gaps in standard of care [19, 20] , but also for monitoring and evaluation (M&E) as it establishes the baseline of care, and facilitates monitoring of care, and post-intervention assessment to determine improvement in quality of care during a certain period of time [14, [18] [19] [20] . Especially for routine monitoring purposes, a reduction of the number of criteria in our checklist in a process locally steered by the midwives, nurses and gynaecologists, is recommended. This corresponds to observations in other CBA studies in Sub-Saharan countries that a smaller number of criteria increases the feasibility to implement CBAs in clinical practice [10, 12, 14, 16, 17, 19, 20] .
Conclusion
A CBA for quality of care provided to women with severe hypertensive disorders in pregnancy is a process based on local guidelines and contexts. Substandard adherence to a number of protocols can be identified and point towards opportunities for targeted improvement strategies. The CBA is an effective tool to determine quality of care, identify gaps in standard of care, and allow for monitoring and evaluation in a health facility, ultimately resulting in improved quality of care provided and reduced maternal morbidity and mortality.
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